The chemical composition of plants can vary according to factors such as soil and time of collection. Desmodium adscendens (Sw.) D.C. var. adscendens (Papillionaceae) is a plant employed in the treatment of asthma in Ghana, Africa. Studies have shown that butanolic extract inhibits contraction of the ileum and trachea in guinea pigs. In Mato Grosso, this plant is used only in the treatment of ovarian inflammation.The objective of this work was to verify if the plant found in Mato Grosso also relaxes smooth muscle and to understand better its action. The cumulative application of the butanolic fraction relaxed the contraction maintained in the isolated anococcygeus of a rat, induced by high potassium, but not that induced by phenylephrine. Relaxation was not altered by methylene blue. The butanolic fraction reduced in a concentration-dependent way the maximum response of concentration-response curve to calcium in the anococcygeus muscle. The results suggest that the butanolic fraction acts, at least partly, through the blockade of voltage-sensitive Ca +2 channels.
INTRODUCTION
The degree of contraction of cells of smooth muscle determines the lumen in blood vessels and airways as well as the propulsive function of the gastrointestinal and genitourinary tract. Abnormalities in the contraction are related to a variety of clinical conditions including hypertension and asthma. Substances that act in contractility control of smooth muscle are useful in the treatment of disorders due to contraction abnormalities in such muscle.
Desmodium adscendens (Sw.) D.C. var. adscendens (Papillionaceae) is used in the treatment of asthma in Ghana, Africa (Ampofo, 1977) ; it inhibits contraction of the guinea pig's ileum and airways (Addy & Awumey, 1984; Addy & Burka, 1988; Addy, 1989) .
In Brazil, it is easily found in the Northeast, Center West, and Southeaste regions (Pio Corrêa, 1984) .
In Mato Grosso, the plant is used only in the treatment of ovary inflammation (Guarin Neto, 1996) . There it is known as "amores do campo" or "carrapichinho", and in São Paulo and Rio Grande do Sul as "pega-pega".
It has been suggested that the action mechanism of the plant is due to the depletion of the histamine stocks (Addy & Awumey, 1984) ; the inhibition of the cicloxigenase and lipoxigenase enzymes (Addy & Burka, 1988) ; the increase of the prostaglandin synthesis, PGE 2 and PGF 2a ; the opening of the BK Ca channels (MacManus et al., 1993) , or the inhibition of cytochrome P450 NADPH-dependent arachidonic acid metabolism (Addy & Schartzman, 1992) .
As the chemical composition of the plant varies according to factors such as collection time or soil and as the action of the plant is not very clear yet, the objective of this study was to determine whether the butanolic fraction of the aqueous extract of Desmodium adscendens found in Cuiabá, Mato Grosso, relaxes smooth muscle and to understand better its action, by comparing its effects with that of an inhibitor of the soluble guanylyl cyclase (sodium nitroprusside), an activator of the adenylato cyclase (forskolin), and blocker of Ca +2 channels voltage dependent (nifedipine) and opener of K + channels (cromakalin).
MATERIALS AND METHODS

Collection and identification of the botanical material
The Desmodium adscendens was collected at the campus of the Federal University of Mato Grosso (UFMT), Cuiabá, Mato Grosso.
Taxonomic confirmation was accomplished by Prof. Dr. Germano Guarin Neto of the Botany and Ecology Dept., Biology Institute/UFMT. A voucher specimen (n. 10930) was deposited in the Central Herbarium of UFMT.
Obtainment of the crude aqueous extract and butanolic fraction of the aqueous extract of
Desmodium adscendens
Dried and ground leaves of Desmodium adscendens were extracted for 48 hours with water in a Soxhlet apparatus; the extract was concentrated in a rotary evaporator and freeze-dried.
The aqueous solutions of the freeze-dried material were extracted thrice, each time with 3 volumes of water-saturated n-butanol, and the nbutanol extracts were pooled and concentrated in a rotary evaporator to form a brownish syrup; this was freeze-dried (MacManus et al., 1993) .
On one occasion, the freeze-dried n-butanol fraction was dissolved in distilled water.
Preparation of the anococcygeus muscle
Male Wistar rats (200-220 g) were sacrificed and the anococcygeus muscle removal performed through an incision in the anus, exposing the distal portion of the rectum.
Isotonic contractions were registered by a quimograph, under a resting load of 1 gram.
The organs were suspended in a bath of isolated organ (10 ml) containing Tyrode solution (mM): NaCl 136.9, KCl 2.68, CaCl 2 1.8, MgCl 1 , NaHCO 3 11.9, and glucose 5.5.
They were allowed to equilibrate for 60 minutes, at a temperature of 37 o C and under continuous aeration with Tyrode solution changed every 15 minutes. Tyrode solution diphenydramine (1 mM) was also added.
Effects of EBDA, cromacalin, forskolin, nifedipine, and sodium nitroprusside on the maintained contraction evoked by phenylephrine and 80 mM K + After equilibration, the preparations were contracted with phenylephrine (10 -5 M) or 80 mM potassium. After the contraction had stablized, tissues were exposed to cumulative concentrations of EBDA (0.01-3 mg/ml), cromakalin (10 The relaxant response to each concentration was allowed to reach a stable level before the next addition was made. were cumulatively applied.
Solutions and analysis of the information
The drugs used were methylene blue, diphenydramine, phenylephrine sodium nitroprusside, forskolin, nifedipine, and cromakalin (Sigma Chemical Company, St. Louis, Missouri, USA).
To produce the stock solution, nifedipine was dissolved in absolute ethanol. Forskolin was dissolved in dimetil sulfoxide (DMSO). Thereafter, these, as all the other drugs, were dissolved and diluted in milli-Q water.
Potassium-rich solutions were prepared by substituting the appropriate amount of KCl for NaCl; Ca +2 -free solutions were prepared omitting CaCl 2 .
Results were expressed as relaxation percentage. The relaxation response was defined as: the percentage of reduction of the maximum contraction induced by phenyleprine and 80 mM K + after the application of EBDA. The greatest relaxation obtained by the largest concentration or its closest value was referred to as maximum relaxation.
The concentration-response curve to Ca +2 was constructed as a percentage of the maximum contraction before and after the addition of different EBDA concentrations.
The results represent the mean ± standard error values. Differences between the calculated parameters were evaluated by Student's t test (unpaired) with p < 0.05 taken as indicating a significant difference.
RESULTS
Effects of EBDA, cromakalin, forskolin, nifedipine, and sodium nitroprusside on the maintained contraction evoked by phenylephrine and 80 mM K + Cromakalin, nifedipine (Fig. 1A) or EBDA (Fig. 1B) , unlike the forskolin and sodium nitroprusside that caused a dependent concentration relaxation, failed in relaxing the maintained contraction induced by phenylephrine (Fig. 1A) . The maximal EBDA-induced relatation was 8.7 ± 2.2%.
In Table 1 are listed the concentrations of EBDA, cromakalin, forskolin, nifedipine, and sodium nitroprusside required to produce 50% relaxation in the contraction produced by phenylephrine and high potassium.
Almost complete relaxation was observed with forskolin, sodium nitroprusside ( Fig. 2A) , and the EBDA (Fig. 2B ) in the maintained contraction evoked by high potassium.
Maximal relaxation for EBDA was 94.3 ± 4.7%. Relaxation induced by nifedipine was lower (Table 1) . Values are statistically significant (p < 0.05).
Effect of methylene blue on the relaxation produced by EBDA and sodium nitroprusside on the maintained contraction evoked by phenylephrine and 80 mM K + The methylene blue did not alter the EBDA effect (Fig. 3B ) in the contraction induced by the 80 mM potassium, but it did deviate to the right the relaxation induced by the sodium nitroprusside in the maintained contraction induced by phenylephrine and high potassium (Fig. 3A) .
Effect of EBDA on the concentration-response curve to the calcium evoked by 80 mM K + Ca +2 , in the presence of 80 mM K + , induced a contraction of the anococcygeus muscle in a concentration-dependent manner. The maximum response was reached with Ca +2 in a concentration of 1 M (Fig. 4) . EBDA reduced the maximum relaxation response of the concentration-effect curve to Ca +2 . With EBDA 0.1 mg/ml, the maximum contraction was approximately 89 ± 8% in relation to the maximum response of the anoccoccygeus to Ca +2 . In the presence of concentrations of 0.3 and 1 mg/ml, the maximum response obtained by Ca +2 was 46.33 ± 8.7% and 20.33 ± 5.54% (p < 0.05, n = 5). 
DISCUSSION
Ethanol extracted from the plant Desmodium adscendens found in Cuiabá, is also capable of relaxing smooth muscle since it relaxed completely, and in concentration-dependent manner, the maintained contraction of anococcygeus induced by 80 mM K + (Fig. 2B) . Furthermore, in studies of acute toxicity in mice carried out by N'Gouemo et al. (1996) , no effect of this extract was observed.
This makes real the possibility of offering the local population, particularly those with low incomes, a therapeutic alternative mainly in the treatment of very common disturbances of the respiratory tract, a frequent regional problem during the dry season.
Smooth muscle relaxation can happen through: (a) increase of permeability of the membrane to potassium; (b) mobilization of ions of calcium; (c) increase of the cyclical nucleotideos (GMPc and AMPc); (d) direct action on the contractile proteins; and (e) reduction of sensibility to calcium (Cox, 1990) .
In relation to the increased permeability of the membrane to potassium, recently Macmanus et al. (1993) characterized three active principles, potent openers of large-conductance calcium-dependent potassium channels (BK Ca ) present in the butanolic fraction of the plant. Salsoline, a 6-hydroxy tetrahydroisoquinoline derivitive, also seems to be present in the butanolic fraction of the plant (Asante-Poku et al., 1988) . The tetrahydroisoquinoline structure of salsoline has been associated with the blockade of calcium-dependent voltage channels (Frank King et al., 1988) .
One of the characteristics that distinguishes substances that act by opening potassium channels in substances is little or no alteration in the contractions induced by potassium on the order of 40-80 mM (Hollingsworth et al., 1987) .
To verify the possibility of the extract acting in other mechanisms besides the opening of potassium channels, we adopted a simple experimental model: analysis of the EBDA effect on the maintained contraction evoked by a solution containing 80 mM K + . In this experiment, we observed that EBDA completely relaxed, in a concentration-dependent manner, maintained contractions of the anococcygeus induced by potassium (Fig. 2B) .
According to Gibson et al. (1994b) , the contractions induced by high potassium concentrations are due to the entrance of Ca +2 mediated through Ca +2 -dependent voltage channels, because the responses are eliminated in environments free of Ca +2 or in the presence of the Ca +2 channel blocker, nifedipine.
The EBDA can probably relax the maintained contraction of the induced potassium, through the Ca +2 -dependent voltage channel modulation.
To confirm this hypothesis, another experimental procedure analyzed the relationship between the influx of Ca +2 and the contraction it produced. The protocol consisted of pre-incubating the muscle with a solution free of Ca +2 , to stimulate it with a high-potassium solution free of Ca +2 , and to increase gradually the solution of Ca +2 in the bath. In the study, EBDA reduced in a concentration-dependent way the maximum response of Ca +2 concentration-effect curve in the anococcygeus (Fig. 4) , demonstrating that one of the actions probably involved in the relaxation induced by EBDA is a Ca +2 -dependent voltage channel blocker. A Ca +2 -dependent voltage blocker, such as D 600, verapamil, and nifedipine, does not act on the contraction of the anococcygeus induced by noradrenaline and phenilephrine. This fact has been observed by Villa et al. (1985) , Iravani & Aboo Zar (1993), and Silva et al. (1993) .
In the anococcygeus, phenylephrine begins a powerful contraction, which is eliminated in an environment free of Ca +2 , but is insensible to nifedipine, suggesting that it is mediated by the entrance of Ca +2 in the cell through nonselective cations current-dependent on the increase of intracelular Ca +2 promoted by IP 3 (Gibson et al., 1994b) .
The results obtained in this study are in accordance with the results described in the literature, since nifedipine was not able to relax the maintained contraction in the anococcygeeus induced by phenyleprine, in a way similar to EBDA (Figs. 1A and 1B, respectively). However, both were effective in relaxing in a concentration-dependent way the maintained contraction of the anococcygeus induced by K+ 80 mM ( Figs. 2A and 2B ). The present data suggests that the relaxing effect of EBDA on this muscle involves another mechanism, probably through a Ca +2 -dependent voltage channel blocker. The debate on the mechanism involved here is open. Its is possible that potassium channels might be involved in the relaxation induced by EBDA since it was isolate substances openers BK Ca (MacManus et al., 1993) . Further studies are necessary to test this possibility. The exact mechanism by which the extract of Desmodium adscendens produces relaxation of smooth muscle remains to be identified.
In relation to the involvement of EBDA in other stages of muscular contraction, the results obtained until now do not allow us to discard the possibility of its acting on smooth muscle through the reduction of an elevated level of Ca +2 due to the activation of Ca +2 -ATPase by the direct action on the contractile proteins, or by reduction of sensitivity to Ca +2 . In relation to AMPc, it has been demonstrated that elevation of its levels is related to relaxation of the anococcygeus (Mirzazadeh et al., 1991; Wendt & Raymond, 1996) . In this study, we can discard the possibility of EBDA, in the concentrations used, acting through the increase of AMPc, since forskolin relaxed the maintained contraction induced by potassium and by phenylephrine (Figs.  1A and 2A) .
One of the tissues in which the relaxation induced by the nitregic nerve has been broadly studied is the anococcygeus muscle, a smooth nonvascular muscle. In this tissue, the relaxation induced by the nervous stimulation is blocked by the inhibitors of the nitric oxide synthesis (Gibson et al., 1994a, b) .
Stimulation of the non-adrenergic non-colinergic nerves (NANC) or the application of exogenous nitrate such as sodium nitroprusside on this tissue, produces a strong relaxation. It is commonly accepted that sodium nitroprusside supports relaxation of the vascular smooth muscle through the liberation of nitric oxide that activates the cytosolic guanylyl cyclase, increasing the levels of GMPc. In this line, Zhang (1993) demonstrated that the sodium nitroprusside was capable of relaxing the trachea of guinea pigs. This effect was reduced by methylene blue, an inhibitor of the guanylate cyclase, and potentiated by zaprinast, inhibitor of the phosphodiesterase.
The results show that relaxation induced by sodium nitroprusside in the contraction of the ano-coccygeus induced by phenylephrine and by potassium was diverted to the right by methilene blue, suggesting that, in this case, there might be participation of GMPc in the relaxation induced by phenylephrine (Fig. 3A) .
This result suggests further that relaxation of the butanolic fraction is probably not related to increased intracellular concentration of GMPc, considering its inability to relax the contraction of the anococcygeus induced by phenylephrine (Fig. 3B) .
In summary, the results obtained demonstrate that EBDA of Desmodium adscendens leaves found in Mato Grosso, is also capable of relaxing smooth non-vascular muscles in the anococcygeus of rats.
Also, they provide indirect evidence that, at least in part, the effect of the extract is probably related to the blocking of Ca +2 dependent voltage channels.
